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ABSTRACT 
Restoring playa wetlands back into predominantly agricultural landscapes has been a pressing issue 
for decades. The Nebraska Rainwater Basin Joint Venture (RWBJV) and its partners represent a wide variety 
of private and public groups who are offering solutions to this problem, while helping farmers maximize net 
farm income. The University of Nebraska-Lincoln partnered with the RWBJV on a project to determine how 
Variable Rate Irrigation (VRI) technology would impact the profitability of farm management operations, 
while allowing the preservation of adjacent wetland areas. This study conducted an economic analysis that 
compared net farm income for producers that had participated in wetland restoration and adoption of VRI.  
Crop Enterprise Budgets were used to analyze the fluctuations in operational variables that may be 
affected by VRI. The feasibility of this technology was determined by using a discounted payback model with 
different levels of cost-share assistance over a two year period. The discounted payback model is a capital 
budgeting method used for determining the profitability of a project. The time it takes to breakeven on the 
investment is calculated while taking into account the changing value of money over time. This ensures that 
the producers have an accurate assessment of the true value of the investment at any point in time. Several 
scenarios were created to highlight how specific variables can greatly affect the model. 
The results of this study show that this technology may be a feasible investment for some producers 
and not others because of the variability of each producer’s situation. Due to unforeseen circumstances and 
outlying variables, some aspects of the analysis were invalidated. Although this meant that some benefits of 
the VRI technology could not be verified, there was still enough data to suggest the investment was 
warranted.  
To allow for an expanded qualitative analysis of the data concerning certain uncontrollable variables 
such as market price, various payback models using historical trends for these variables were generated. 
These trends represent how net income from this investment would be affected in the future. Grazing 
infrastructure played a critical role in the feasibility of this investment. The benefits that were seen from this 
single resource were enough to potentially offset other setbacks and to give economic and environmental 
planners a powerful tool for convincing producers to participate.  
Increasing the longevity and quantity of research studies similar to this will be necessary to 
determine what specific input cost variables are being effected by VRI in the future. What this study currently 
provides is a way to help environmental planners narrow the gap between agriculture and conservation.  
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Key Terms 
Variable Rate Irrigation (VRI) Technology – VRI is precision irrigation that allows custom water 
application based on topography information, soil data maps, yield data, and other user-defined 
information (Evans et al., 2000). 
Prescription Mapping – Prescription mapping uses electrical conductivity data to read the variability of 
the land and prescribe the correct amount of water, fertilizer, or seed that should be applied throughout 
the different zones within a field.  
Wetland – A wetland is an area that is inundated or saturated by surface or groundwater at a frequency 
and duration sufficient to support, a prevalence of vegetation typically adapted for life in saturated soils 
(Nebraska Wetlands, 2015). 
NRCS – The Natural Resource Conservation Service provides technical assistance to farmers and other 
private producers and managers (The Rainwater, 2015).  
WREP – The Wetland Reserve Enhancement Partnership offers incentives for producers to restore 
wetlands on their property located within the Rainwater Basin (The Rainwater, 2015). 
RWBJV – The Rainwater Basin Joint Venture is a partnership that works to achieve habitat conservation 
through cooperation and sound science (About, 2016). 
NRD – The Nebraska Natural Resources Districts were “created to solve flood control, soil erosion, 
irrigation run-off, and groundwater quantity and quality issues” (NRD History, 2018).  
Payback Model – The discounted payback model is a capital budgeting method used for determining the 
profitability of a project. The time it takes to breakeven on the investment is calculated while taking into 
account the changing value of money over time. 
Price Differential – In this research, the price differential is the net change in average net income per 
acre from pre to post-VRI.    
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CHAPTER 1: Introduction 
I. Nebraska Rainwater Basin Joint Venture Efforts to Restore Wetlands  
Water is an essential resource for all life on Earth. The various waterways and water bodies 
determine the location, shape and population of every terrestrial habitat, and is an essential 
ingredient for all agricultural practices. Traditionally, one of the most undervalued forms of this 
resource is the wetland. Wetlands are “those areas that are inundated or saturated by surface 
or groundwater at a frequency and duration sufficient to support…a prevalence of vegetation 
typically adapted for life in saturated soils” (U.S. Army Corp of Engineers, 1987).  
The non-monetary benefits these wetlands provide to the environment and producers are 
far too great to give a complete list here. Some of the most common biological benefits 
recognized by conservationists and land-use planners are providing a habitat for migratory 
waterfowl, inhibiting soil erosion and flooding, and enhancing water filtration. The problem is 
that most of these benefits are difficult to monetize, and often those profits are shared public 
goods or spread among future generations. This is because the public is willing to pay to 
support waterfowl habitats that might have tourism benefits, but returning those profits to the 
producer is difficult without easements which remove land from production. Management 
decisions in the Rainwater Basin (RWB) often do not reflect these values, since 90% of the 
wetlands are privately owned and the benefits do not accrue to the producer. 
According to the interagency partnership known as the Rainwater Basin Joint Venture 
(RWBJV), “by the early 1980s, only 10% of the Rainwater Basin’s wetlands remained” 
(Schildman and Hurt, 1984). Again, the problem here is that the biological services offered by 
the wetlands have traditionally been viewed as having little value compared to production. 
Even if it might be possible to conserve wetlands and receive a positive return from an 
easement, the return is often much larger for a sale to someone who intends to fill the wetland 
and produce crops. For conservationists trying to preserve or restore these wetlands, their 
efforts are complicated by the fact that approximately 90% of the land in the Rainwater Basin 
(RWB) is privately owned.  
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 One of the programs that has been created to help restore wetlands is the Wetland 
Reserve Enhancement Program (WREP). The WREP is a federal program that funds partnerships 
between the USDA- Natural Resource Conservation Service (NRCS) and a local partner.  
The Rainwater Basin Nebraska WREP was developed through a partnership between the 
RWBJV and the local NRCS office to help meet the specific needs of RWB producers. In addition 
to several government agencies, the program involves several private companies (Cropmetrics, 
Lindsay, Reinke, and Valmont) that are working with producers and government agencies to 
develop and install irrigation technologies that are compatible with WREP.   
According to the NRCS fact sheet for the WREP, “wetlands and upland habitats adjacent 
to, and within, pivot circles will be restored in the Rainwater Basin wetland complex” (The 
Rainwater, 2015). The fact sheet further explains that, “this project proposes restoring and 
protecting wetlands in an active agricultural landscape by allowing center pivots to cross 
wetlands, ensuring wetlands are compatible with the agriculture production in this region” (The 
Rainwater, 2015). This is extremely valuable given that about 2/3 of wetlands in the RWB are 
intersected by pivots. This means that enrolled acres provide the benefits of restored wetlands, 
but the program still provides producers with the ability to produce on adjacent land. 
Joel J. Jones (Photographer). (1987-2018). 2016. Gift of the photographer.  
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II. Introduction of Precision Irrigation Technology  
An essential technology used to enable agricultural operations to occur adjacent to wetland 
areas is Variable Rate Irrigation Technology (VRI). It was initially developed to allow producers 
to increase crop yields through optimizing inputs and enabling operations on partial circles. VRI 
can be defined as applying “a precise amount of water at the correct time” throughout the field 
based on soil data maps, yield data, and other physical and biological field information (Evans 
et al., 2000). Prescription mapping is used to determine the amount of water that should be 
applied throughout different zones of the cropland based on soil and topographic conditions. 
VRI allows a pivot system to rotate over a wetland area without applying irrigation water, which 
reduces costs for the producer and conserves water. In addition to applying water more 
precisely, VRI can also be used for precise pesticide and fertilizer application. This allows 
producers to potentially save on non-water input costs, thus utilizing resources in a more 
sustainable and efficient way.   
A unique aspect of the VRI technology used under WREP is that it can be equipped with 
specific wheels capable of floating or moving through wetland areas without destroying the 
integrity of the restored wetland. Lindsay Corporation, an irrigation company, offers a version 
of these wheels that provide “incredible traction, consistent performance and limits downtime, 
but also improves wheel tracking over standard pneumatic tires and solid wheel alternatives” 
(NFTRAX, 2017). Their product description explains that downtime is limited due to reduced 
maintenance from cleaning and tire change (NFTRAX, 2017).  
What these tires have offered, are a way to restore wetland areas adjacent to 
productive lands without creating divots in the restoration area. Compared to other states, the 
WREP in Nebraska is unique in allowing pivots to cross wetland areas, which allows for greater 
flexibility to producers in deciding where to plant their crops around the wetland.  
Fully understanding this technology could help Nebraska to step forward as a leader in 
wetland restoration efforts and precision irrigation technology, which may lead to other states 
adopting it in the future. With the WREP incorporating VRI technology into their conservation 
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programs in Nebraska, it is likely that many other states will be interested in this innovative 
methodology as well.  
III. Purpose of Research  
To evaluate the economic impact of incorporating VRI technology into the WREP, the 
RWBJV applied for and received grant funding from the Nebraska Game and Parks Commission 
to complete an economic study. Dr. Karina Schoengold (Agricultural Economics) and I were 
hired to conduct an empirical study to analyze the economic viability of jointly using VRI 
precision irrigation with wetland restoration.  
More specifically, I collected and analyzed financial and performance records from 
producers in the RWB. I analyzed financial data from two sites with restored wetlands and 
upgraded VRI pivot irrigation equipment to measure the effects of VRI technology and wetland 
restoration on net farm income. Grazing infrastructure was incorporated into the analysis, as 
producers with the necessary fencing can generate revenue by renting out the wetland area for 
grazing.  
This research provided a unique opportunity to narrow the gap that has existed among 
conservation best management practices and precision irrigation technology within the 
environmental planning field. Therefore, one goal of the project is to measure net benefits from 
VRI. If VRI has a positive economic benefit, conservationists could use it as a tool to connect 
conservation and productive lands.  
The biological benefits provided by restored wetlands have been well documented in 
existing research. However, quantifying these indirect benefits is difficult, and beyond the 
scope of the current project. Thus, any benefits from the current analysis should be considered 
a lower bound on the overall value of any project involving wetland restoration.  
This research seeks to answer two related questions: (1) Does VRI technology provide 
WREP with a cost-effective method to irrigate areas adjacent to wetlands? (2) Under what 
conditions is VRI technology economically beneficial? 
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In order to evaluate the effect of VRI on net farm income, a variety of data was collected 
from the retrofitted sites with upgraded irrigation equipment and from reference sites 
(unaltered landscapes). Physical characteristics of the fields (e.g., soils, biological services, and 
habitat) ensured that the analysis compared similar fields. Other data was critical for the 
comparison of economic cost and returns on the test and reference fields.  
Some of the necessary data included: historical data on yield, input costs associated 
with seed and fertilizer, maintenance, and annual crop insurance costs. Three to five years of 
historical data was requested from each participant in order to accurately assess the 
fluctuations in their net farm income.  
The information on past revenues and costs was used to create an average net income 
to estimate the payback period for VRI technology used with wetland restoration. The average 
net income provided a benchmark to assess differences associated with wetland restoration 
and changes in practices on the 
associated crop acres. The discounted 
payback model is a capital budgeting 
method used to determine the 
profitability of a project. The 
methodology analyzes a potential 
investment while incorporating the 
changing value of money over time. This 
ensures that the producers have an accurate assessment of the true value of the investment at 
any point in time. 
Future returns were projected under a range of assumptions about future crop prices 
and weather conditions to show various scenarios for possible changes in net farm income. 
Results also compare alternative cost-share levels and discount rates for VRI technology 
adoption. Given that the useful life of a pivot irrigation system is approximately 15 to 20 years, 
it is critical that a shorter payback period is achieved to ensure the investment is profitable.  
Other factors, such as producer’s behavioral responses to change in crop or water 
prices, are not evaluated in this study due to the unpredictability of those assumptions and the 
Joel J. Jones (Photographer). (1987-2018). 2016. Gift of the photographer.  
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difficulty of incorporating those factors into a quantitative analysis; however, they are 
considered in the discussion chapter.   
Chapter 2: Literature Review 
This literature review is divided into three sub-sections. The first section takes a global 
approach and examines findings from case studies of wetland restoration projects. The second 
section discusses the literature pertaining to wetlands in Nebraska, and the last section will look 
at literature pertaining to VRI precision irrigation technology.  
I. General Wetlands  
Previous research utilized existing wildlife habitat models to compare the net change in 
“four alternative landscape positions of wetlands within the Iowa watershed” (Otis et al., 2013). 
The four alternative landscape positions were: tile-zone (dominated by corn and soybean 
crops), breakpoint, and upstream and downstream floodplains.  
The study found that “species richness and habitat availability for birds, mammals, 
amphibians, and reptiles increased” in the southern portions of the Iowa watershed compared 
to that of the northern areas (Otis et al., 2013). The northern portion of the watershed was 
dominated by cropland use and the southern portion consisted of “floodplain landscapes with 
more grassland and increased habitat diversity” which is the primary reason for the differences 
between the northern and southern areas of the watershed (Otis et al., 2013). Wildlife Habitat 
Relational Models were used to classify the amount of useable habitat for each species pre and 
post-wetland restoration which allowed them to account for species richness. 
The models used in this case study provide evidence that location can be a primary factor 
for wildlife habitat choice and supports the fact that the NRCS and the RWBJV partners work 
together to identify stopover areas and the effects of landscape positions on wildlife habitat 
through use of habitat data collected annually.  
Armstrong, et al. (2011) found that a lack of participation in the program stemmed from 
poor relationships among upstream-downstream producers. Inaction by upstream producers 
made it difficult for downstream farmers to maintain a viable conservation area. Additionally, 
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resentment of government regulations regarding streamflow created an environment of 
distrust between producers and government agencies.  
This article illustrates the point that producers upstream and downstream must work 
together and communicate to implement and achieve sound conservation goals. Agreements 
for each party to be accountable for their portion of conserving the land is critical for increasing 
adoption in conservation programs such as WREP. This is important in many restoration 
projects, as the difficulty in getting agricultural producers to see the value of wetland 
conservation has been hampered by the inability to allow any type of production near 
restoration areas. The gap of mistrust between government and private producers continues to 
be an obstacle for conservationists. This research could pose as a fundamental example of how 
conservation can be achieved without reducing the profitability of agricultural practices.  
Kaza and BenDor (2013) study three counties in North Carolina between 2000 and 2007, 
and included all ecosystem restoration sites in these areas. When unrestored streams and 
wetlands were controlled, the study found that parcels of land “<0.5 miles away from 
Ecosystem Enhancement Program (EEP)” sites exhibited a decrease in property values 
compared to sites between 0.5 and 0.75 miles away which exhibited an increase in property 
values at “$11,780 and $8,345.70, respectively” (Kaza and BenDor, 2013). EEP sites are similar 
to restored wetland sites, but they can also include other types of ecosystems such as forests or 
grasslands.  
This study concludes with recommendations for further research for “higher public visibility 
of aquatic ecosystem restoration programs,” and discussed how increased public information 
could increase the value of properties near EEP sites when at certain distances from residential 
dwellings (Kaza and BenDor, 2013). Results show that the effect of wetlands on property values 
is non-monotonic, specifically, wetlands reduce the values of very close properties, but increase 
values for property that is further away (i.e., 0.5 to 0.75 miles). However, results vary by land 
use and type.  
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II. Nebraska Wetlands 
The RWBJV Public Lands Workgroup surveyed public lands within the RWB between 2009 
and 2013 to determine the various levels of vegetative communities. For waterfowl in the RWB, 
it is desirable to have “moist-soil dominated plant communities because of the large amounts 
of seeds produced, which are a high-quality waterfowl food” (Rainwater Basin, 2016).  
The study found that grazing increased ponding frequency, created structural and species 
diversity, reduced stand height, and generated income for the producers involved (Rainwater 
Basin, 2016). Additionally, the study reported that “grazing in multiple, consecutive years 
increased its effectiveness” (Rainwater Basin, 2016). This shows that grazing opportunities can 
not only improve net income, but also improve the biological services that wetlands provide.   
Poor (1999) examined the economic feasibility of “publicly funded wetland acquisition 
programs”. She used the contingent valuation method (CVM) to estimate the value Nebraskans 
place on wetland habitat. The results indicated a positive relationship between respondents’ 
willingness to pay for wetland services and those who had visited the RWB region (Poor, 1999).  
Beas et al. (2013) evaluated if restored wetlands developed similar plant communities to 
that of reference wetlands post-hydrology restoration. A total of 34 playa wetlands categorized 
as restored, reference, or agricultural were sampled in the RWB between 2008 and 2009 (Beas 
et al., 2013). In 2008, the study found that “reference and restored wetlands had higher species 
richness and more native, annual, and perennial species than agricultural wetlands” but fewer 
exotic species compared to reference sites (Beas et al., 2013).  
In 2009, “reference and restored wetlands had higher species richness, more perennial 
species, and more native species than agricultural wetlands” but restored wetland “contained a 
greater number and proportion of annuals than reference and agricultural wetlands” (Beas et 
al., 2013). This study concluded that restored wetland sites do not exhibit the same plant 
communities as reference wetland sites. They believe this may be attributed to seed bank 
communities between reference and restored wetlands, dispersal limitations of perennials, or 
management practices preventing restored wetlands from developing plant communities 
similar to that of reference wetlands (Beas et al., 2013).  
An Application of Economics & Environmental Planning | Hannah Jones 
 
P a g e  16 | 67 
 
 In fact, research is being conducted in the University of Nebraska-Lincoln’s Department 
of Agronomy and Horticulture to evaluate the ability for cattle to digest vegetation on wetland 
areas, making them even more appealing to producers who have the option to incorporate 
grazing into their operations. Grazing revenue could help alleviate some of the feed input costs 
associated with their cattle.  
Belden et al. (2012) examined pesticide contamination in sediments from playa 
wetlands. This is unique compared to the previous literature that has focused on habitat or 
vegetation aspects of playa wetlands. This study selected 264 playa wetlands in the High Plains 
and RWB from three land-use types – cropland, perennial grassland enrolled in conservation 
programs, and native grassland. Soil samples were taken from 6 cm in three locations in each 
wetland and tested for agricultural pesticides – atrazine, acetochlor, metolachlor, and trifluralin 
(Belden et al., 2012). This study found herbicide concentrations that were hazardous to plants 
but insecticide and fungicides were rarely detected. Not surprisingly, pesticides were higher in 
wetlands surrounded by cropland compared to native grassland and CRP perennial grasses.  
This article also showed the positive effects of CRP and other conservation programs. A 
majority of the wetlands adjacent to native grasslands or CRP lands exhibited little to no 
recognition of pesticides. This shows that these programs are proving successful in prevention 
of pesticide contamination, even in places downstream like the Rainwater Basin or High Plain 
wetlands in Kansas. The data provided in this case study could be "combined with other 
ecosystem service data to simultaneously evaluate the effects of conservation programs and 
land-use changes on sustainable provisioning of services to society" (Belden et al., 2012). 
The current study will not analyze the effectiveness of the VRI technology in reducing runoff 
or improving ecological functions of adjacent wetlands. However, results from other research 
that evaluates this relationship suggest an additional benefit of VRI technology that should be 
considered in future studies. 
Pimental et al., (2015) found that increased soil erosion by wind and water “adversely affects 
soil quality and productivity by reducing infiltration rates, water-holding capacity, nutrients, 
organic matter, soil biota, and soil depth”. Additionally, when one of these factors are affected, 
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the others are affected because they are all part of an interrelated system. The article created 
empirical models to assess how erosion rates and soil productivity are influenced by the factors 
listed above (Pimental, et al., 1995). The models show how soil erosion “causes the loss of soil 
nutrients, depth, biota, organic matter, and water resources” (Pimental, et al., 1995). The loss 
of water and nutrients in the soil accounted for 90% of the loss in crop productivity on 
agricultural lands that were evaluated.   
In the United States, the costs 
associated with the loss of productivity 
due to soil erosion amounts to $196 
per hectare when assuming on-site 
and off-site costs (Pimental, et al., 
1995). Around 60% of the soil lost 
from cropland each year is deposited 
in lakes and streams. This percentage 
has started to decline with erosion control technologies. The authors discuss the use of “ridge-
planting, no-till cultivation, crop rotations, strip cropping, and grass strips” as ways to reduce 
soil erosion. These practices have been proven to substantially decrease the soil and nutrient 
loss each year in the United States.  
The article concludes by estimating the cost of reducing soil erosion to a sustainable rate. 
The article notes that it would take “$6.4 billion per year ($40 per hectare for conservation) to 
reduce U.S. erosion rates from about 17 tons” to 1 ton per hectare per year on a majority of 
cropland (Pimental, et al., 1995). 
This article demonstrates a method for determining the numerical value of providing 
services that are similar to those provided by wetlands. Even though wetlands may not be 
comparable to every situation discussed in the article, the study does give monetary values 
associated with general erosion control. Land-use planners could also use this information to 
help define the BMPs for a particular area.  
Joel J. Jones (Photographer). (1987-2018). 2016. Gift of the photographer.  
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Bartuszevige, et al. (2016) discussed the landscape design process and how there’s a gap 
that exists among conservation planning and implementation of those plans. The authors use a 
case study to show the different elements of the landscape design process and how 
implementation can be effective through sound conservation planning efforts.  
In 2014, the Playa Lakes Joint Venture (PLJV) used the landscape design approach to update 
their conservation plan. They started the process by setting a goal with stakeholders which 
amounted to providing “20% of the available calories to migrating waterfowl as native food 
resources” through playa wetland areas (Bartuszevige, et al., 2016). The next step in the 
process was to evaluate the current landscape by identifying areas of concern for the region 
such as the accumulation of sedimentation in playas and agricultural production. Surveys were 
conducted to identify the available habitat and water variability in the study area. Once a 
thorough evaluation of the landscape was conducted, the PLJV started to generate 
conservation strategies by first presenting the results of the models to the management board.  
Two strategies came from their discussions. The first was focused on “the need for clean 
water by town residents that playas can provide through recharge to aquifer and natural 
bacterial processes to remove contaminants” (Bartuszevige, et al., 2016). This initiative was 
able to address the social and economic implications behind restoring and preserving playa 
wetland areas. In this way, the landscape design process, “balanced the ecological need and 
societal valuation of playa conservation” (Bartuszevige, et al., 2016).  
The second strategy was to incentivize agricultural producers to include wetland 
conservation into their operations to “help producers transition out of irrigated agriculture” in 
areas that were threatened by severe aquifer depletion (Bartuszevige, et al., 2016). This 
successful case study example helped show how landscape design can be used to “drive 
effective and efficient conservation action” (Bartuszevige, et al., 2016).  
These last two studies are very useful for my research because they provide working 
examples of my primary research goal, which is to determine if conservation and precision 
irrigation efforts can be tailored to accomplish both economic and ecological goals in the RWB. 
Although their studies were on a larger scale than mine, they nonetheless demonstrate the 
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important role planners may take as facilitators in discussions among stakeholders involved in 
these conservation efforts.  
Although the core of this project is dealing with the direct effects of precision irrigation, I 
am still considering how precision agriculture and conservation programs can work together to 
achieve financial and conservation goals. The economic discussions in these articles also helped 
me to formulate how many of the societal benefits of wetland restoration efforts might be 
financially evaluated.  
A study by D.J. Case & Associates (2014) included 13 focus groups with farmers and 
ranchers in 6 states throughout the Playa Lakes Region in 2013 (D.J. Case, 2014). The purpose of 
these focus groups were to understand producer attitudes, opinions, and willingness to 
participate in playa conservation (D.J. Case, 2014). There was a great emphasis put toward 
understanding the impediments for producers to adopt conservation practices and for ways 
that agencies could encourage and enhance conservation of playa wetlands on private lands. A 
majority of focus group participants said that they were not currently enrolled in playa 
conservation programs because of economic implications. Many participants felt that they 
could get higher financial returns from farming/grazing playas than they could from the 
program. Others felt that the maintenance required for conservation of playa wetlands 
outweighed the benefits (D.J. Case, 2014).  
However, many participants who were enrolled in the program felt that it did provide them 
with a higher economic return than ranching and farming practices. Results also showed that 
some producers want to be part of the conservation programs for the wildlife, to rest the land, 
or for recreational benefits (D.J. Case, 2014).  
The current project uses similar planning strategies to incentivize producers to enroll in 
playa wetland conservation programs. It also promotes cooperative relationships between 
public entities and private producers through cost-share programs that help to alleviate some 
of the costs associated with the upgraded equipment. Ultimately, the goal is to find a version of 
the precision irrigation technology that will allow conservation planners to not only encourage 
wetland restoration efforts, but also BMPs near these wetland areas.  
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III. Variable Rate Irrigation Technology 
These articles will cover various aspects of VRI technology including the pros and cons, 
benefits to small farmers, funding opportunities, implementation strategies, and an economic 
analysis from an investment perspective. 
Evans et al. (2013) discussed the limited research studies that have been conducted to 
provide evidence of the benefits of site-specific variable rate sprinkler irrigation (SS-VRI) 
technology. The authors explain that due to a lack of research and economic incentives backing 
up this new technology, few have adopted it throughout the world. The article goes on to 
provide examples of ways to increase adoption of this new technology. They recommend that 
tools for defining management zones and equipment are needed. Basic prescriptions, optimal 
placement of various non-mobile sensor systems, technical assistance and training, decision 
support, and education about available funding opportunities are also imperative (Evans et al., 
2013).  
They also suggest that an impediment to adoption is a lack of available irrigation 
prescriptions for humid and arid environments. The authors expect that increasing energy and 
water restrictions in the future will lead to shifts in the availability of irrigation prescriptions 
may be written to remedy the challenges posed in arid and humid environments.  
The RWBJV partnership is promoting similar technology by offering programs that provide 
significant cost-share assistance to producers with an interest in VRI but find the cost 
prohibitive. The VRI technology allows producers to shut off irrigation application and 
chemigation on restored wetland sites.  
Grisso et al. (2011) discussed the pros and cons of VRI used with map-based and sensor-
based methods. Case studies from Lambert and Lowenberg-DeBoer were utilized to determine 
the economic findings from each study. Out of the 108 studies that were compiled, 63% of 
them indicated a positive net return for precision farming technology. Only 11% of those 
indicated negative returns, with 26% of them having mixed results (Grisso, et al., 2011).  
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The article suggests that a combination of map-based and sensor-based methods be used to 
achieve the greatest production and environmental efficiency in crop production. The study 
also points out that variable-rate application (VRA) methods are site-specific and that not every 
farm will show an economic benefit from these methods. It is necessary to be cautious of the 
conditions of the property prior to implementation of these methods and VRI technology. 
Although the majority of the participants in this large study showed positive effects on their net 
income, 37% had negative or mixed results. This suggests that experience with the technology 
is mixed, and may not be beneficial for all users. Prescription mapping is a way for software to 
read the land to determine the proper amount of water that should be applied based on soil 
and topographic conditions.  
Hedley et al. (2010) utilizes “available water holding capacity (AWC) maps, generated from 
soil apparent electrical conductivity maps, with real time soil moisture monitoring” and wireless 
sensor networks (WSN) to evaluate the benefits of irrigated water (Hedley et al., 2010). They 
used a 111 hectare farm site with variable soil types under a linear sprinkler irrigation system 
for this study. A soil water balance model compared the VRI and uniform rate irrigation (URI) 
scheduling for 5 irrigation seasons and found that VRI reduced irrigation among soil zones with 
higher AWCs, where “soils have a greater ability to store and supply plant available water” 
(Hedley et al., 2010).  
The average water savings from using VRI technology showed a mean of 5% or 26 mm/year 
from 2004 to 2009. The study made the assumption that if the “mean cost of irrigation was 
$2/mm/ha (FAR, 2008),” then the cost benefit would be “$52/ha/year” (Hedley et al., 2010). 
Additionally, the article demonstrated that in soil moisture deficient (SMD) zones with larger 
AWCs, VRI aims to “reduce drainage and run-off, minimizing the risk of leaching nutrients past 
the root zone” (Hedley et al., 2010).  
The results of this study indicated that VRI technology can help prevent run-off and 
drainage of chemicals into nearby areas. It also helps to understand the specific details involved 
with savings on water input costs in specific soil types. This information will be helpful in 
explaining some of the mixed results that I obtained in my study.    
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LaRue and Evans (2012) analyzed the results of a field study in Dyersburg, Tennessee, and 
find that VRI Zone Control Packages could help compensate for improper irrigation application 
(LaRue and Evans, 2012). The packages used in this project were created by CropMetrics, the 
same company that provided irrigation prescriptions to the producers in the current study. 
CropMetrics uses electrical conductivity (EC) mapping for irrigation prescriptions to help 
improve yield through proper speed control, section zoning, and irrigation scheduling.  
More specifically, this company uses EC mapping data to show the physical and chemical 
properties of the soil in a field and write irrigation prescriptions based on this information. The 
mapping indicated a field variability rate of 26.7%, which means that only three-quarters of the 
field was being optimally irrigated. Therefore, implementing these prescriptions are likely to 
improve water application.  
An NRCS report used case studies to evaluate the reliability and return on investment of VRI 
systems. One study in South Georgia found that “5.7 million gallons of water were saved on 279 
acres in 2002” (Precision, 2007). The other study on an Idaho potato farm found that the cost of 
the variable rate system was not justified by the minute increase in yield and savings in water. 
Perhaps, this illustrates one of the drawbacks of VRI systems, that every field is variable and 
may yield differing results. Additionally, in 2007, the average cost to retrofit an existing pivot 
system with VRI equipment was $15,000 (Precision, 2007). 
Planners that wish to help producers make decisions regarding precision irrigation 
technologies, should partner with other irrigation experts to consider the possibility of 
providing cost-share assistance options for prescription mapping prior to making the decision to 
adopt. This would help alleviate some of the risk involved and may result in many producers 
choosing VRI without cost-share assistance if the mapping shows they are likely to receive a 
worthwhile benefit.  
Mitchell and Johnson (2001) discussed the protection of prime farmland being converted to 
non-agricultural uses and the value of conservation easements in this process. Some of the 
advantages of conservation easements are that the land remains in private ownership, it can 
increase the value of surrounding land where open space is desired, and potentially provide 
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some tax breaks. Some of the disadvantages include: reduced property value due to loss of crop 
production, competition among funding opportunities, and in order to receive tax benefits one 
must have a conservation easement that runs in perpetuity (Mitchell and Johnson, 2001). One 
method used to appraise conservation easements is the comparable sales method which uses 
“actual sales of similar easements to compare to the easement being appraised” (Mitchell and 
Johnson, 2001). Another method is the “before-and-after easement sales method which takes 
the full value of the land before the easement is placed on it and subtracts the value of the land 
with the easement” (Mitchell and Johnson, 2001).  
Almas, et al. (2003) examined the investment costs of VRI technology in Texas, the 
breakeven variability and yields of grain crops to offset the cost of the technology (Almas et al., 
2003). A cost-benefit analysis was conducted to determine the feasibility of VRI. Crop input 
costs and fixed investment costs were considered for this analysis. Average crop prices 
according to local markets were obtained and “the future streams of returns over five years 
were discounted to present value (PV) using a discount rate of six percent and compared with 
the initial cost for investing in the technology” (Almas et al., 2003). If the PV was found to be 
greater than the investment costs, then adoption of the precision agriculture technology would 
be a wise choice. The study stressed the importance of yield maps for each crop in each zone of 
the field to determine if VRI would be suitable for implementation. The study found that 
feasibility of VRI technology was reliant upon field variability, crop value, economies of scale, 
and the useful life of the equipment. In the case of a field having problems with irrigation 
nozzles rather than yield deviations, VRI may not help to improve net income, however, in the 
case of a field with high variability and problems with achieving yield goals, VRI may be a better 
option.  
Castle (2016) used fixed panel data models to determine the economic impact of using 
precision agriculture technologies by collecting financial data from 59 producers across 
Nebraska between the period of 1995 to 2014 (Castle, 2016). There were many technologies 
surveyed in this study, including variable rate application of water, nutrients, and seed planting 
(Castle, 2016). Even though the precision agricultural technologies used in this study are varied, 
among them was VRI (i.e. automated section control). The author notes that one obvious 
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answer through the data collected in the study was that increased experience with these 
technologies appeared to increase profitability margins (Castle, 2016). Therefore, the results of 
this analysis, showed the “existence of a strong, positive relationship between number of 
technologies used and net farm income, indicating that precision agriculture use is associated 
with higher profitability” (Castle, 2016).  
This study is relatively new and shows that there is potential to increase profitability by 
using more precise agricultural technologies. Although the author admits that there is not 
enough statistical significance in the data variables to prove that precision irrigation 
technologies are the cause of the observed increased profitability; there is nonetheless, an 
increase in profitability that is correlated with those using these technologies. He also suggests 
that increased experience with these technologies improves the profitability margin further. 
The author concludes that there is a lack of research, “using real-world financial data to 
examine the realized impact of precision agriculture” (Castle, 2016). The current study adds to 
the literature addressing this topic.   
CHAPTER 3: Methodology  
This study used the financial and performance records from producers in the Rainwater 
Basin with restored wetlands and upgraded pivot irrigation equipment with reference sites to 
determine the effect of the restoration and VRI upgrade on the producer’s net farm income. 
The comparison includes the potential for grazing income from wetland areas, which is a good 
strategy to earn revenue, and an essential activity to control vegetative growth. The 
methodology also includes any savings associated with reduced feed input costs, energy, and 
water costs when applicable. As part of the restoration project, both wetlands were enrolled in 
the Wetland Reserve Enhancement Program (WREP).  
A breakdown of the partners in this research are in Table 3.1. Through cost-share 
assistance, these partners have helped reduce the financial burden associated with the VRI 
upgrade.  
An Application of Economics & Environmental Planning | Hannah Jones 
 
P a g e  25 | 67 
 
Table 3.1 Partners in this Research 
 
Note 1 Source: Andy Bishop. “The Economics of Wetland Restoration.” (2015). Rainwater Basin Joint Venture & University of 
Nebraska-Lincoln. Nebraska Natural Legacy Project Partnership Team Innovation Grant Proposal Application 2015. p. 4.    
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In order to maintain confidentiality, the two participants that received the retrofitted 
irrigation package are referred to as Producer 1 and Producer 2. Producer 1 is located in 
Hamilton County and Producer 2 is located in Kearney County (Figure 3.1). Figures 3.2 and 3.3 
show an aerial view of each parcel and the restored wetland areas. Producer 1 had the wetland 
restoration completed in 2013; whereas, Producer 2 had their wetland restoration completed 
in 2015. Both producers leased the cropland areas from the owners. However, Producer 1 also 
leased the conservation acres, which generated additional revenue; whereas; Producer 2 did 
not rent the conservation acres. Physical and biological characteristics associated with each 
producer’s property are summarized in Table 3.2 below. 
  
Figure 3.1 Nebraska Counties within the Rainwater Basin Complex Area1 
 
Note 1 Source: Rainwater Basin Joint Venture. (2017). Rainwater Basin Joint Venture.  
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Table 3.2 Summary of Physical & Biological Characteristics for Producers 1 & 2 
Characteristic Producer 1 Producer 2 
Pivot Acres 243 105 
Area 260.33 173.77 
Predominant Soil 
Types1 
Scott, Butler, & Fillmore Scott, Fillmore, & Massie 
Maximum Ponding 
Frequency2 
0.91 0.73 
Crop History Corn Corn, grassland, pasture 
Note 1 Predominant soil types are those that make up a majority of the types of soil found on this parcel of land. 
Note 2 Ponding frequency is based on a scale from 0 to 1; with 0 being dry and 1 meaning 100% of the year the wetland footprint 
area is saturated.   
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Figure 3.2 Aerial map of Producer 1 Property in Hamilton County1 
 
Note 1 Source: This map was produced by the Rainwater Basin Joint Venture Partners for Fish and Wildlife Program Producer 
Agreement. 
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Figure 3.3 Aerial Map of Producer 2 Property in Kearney County1 
 
Note 1 Source: This map was produced by the Rainwater Basin Joint Venture Partners for Fish and Wildlife Program Producer 
Agreement.  
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The preferred way of estimating the impact of VRI and wetland restoration on the 
participants net income is to compare their data with control sites that are similar except that 
they haven’t adopted VRI. Science Coordinator Dr. Dana Varner used spatial queries in 
Geographic Information Systems to identify sites with specific wetland characteristics (e.g., soil 
type, wetland footprint size, ponding frequency); and the proximity to the reference sites. 
Three of the identified participants agreed to take part in the study. The invitation letter and 
data collection form used to contact and collect their information can be found in Attachments 
A and B in the Appendix. The three control participants submitted data for 2014, 2015, and 
2016. Unfortunately, the available control sites did not serve as reasonable comparisons to the 
retrofitted sites. This is discussed in further detail in Chapter 4 below. 
I. Data Collection 
The data collection form (on paper and interactive) included questions about land use, 
production costs and returns, grazing infrastructure costs, machinery, irrigation input costs, and 
annual management and overhead costs. Although the precision irrigation technology was 
expected to have a direct effect on specific variables like applied water and fertilizer input 
costs, other information is critical to estimate a complete economic enterprise budget, 
including variables like energy costs that may change after the restoration and retrofit.   
Two years of data were collected from the retrofitted Producers 1 and 2 prior to the VRI 
upgrade, and two years post-upgrade to use for comparison purposes. Therefore, data from 
2014 and 2015 was used to compare with 2016 and 2017 to indicate the effects VRI had on net 
income. The Microsoft Excel crop enterprise budgets used in this study were created by 
Enterprise Budget Analyst Dr. Roger Wilson of the University of Nebraska – Lincoln’s 
Department of Agricultural Economics. An example of the budget tool used in this analysis is in 
Attachment C in the Appendix.  The revised crop enterprise budget allowed us to estimate the 
effect of a range of input costs on net farm income, and to calculate the breakeven point for 
each crop. Furthermore, the budgets can be used to estimate the impact of changes in variable 
input costs (i.e. market price and yield) on the payback period for VRI.  
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 Data from the USDA-National Agricultural Statistics Service and the Nebraska Department 
of Natural Resources was used to create a Market-Yield Matrix (Table 3.3) with low, average, 
and high values of yield and market prices between 2000 and 2016 in Nebraska. This data was 
used in the analysis portion of this project to predict how the payback on the investment would 
be affected by yield and market fluctuations.  
 
Table 3.3 Corn Market-Yield Matrix 
 
 
 
Y
I
E
L
D 
                                                                      CORN MARKET1 PRICES1 
 Low Average High 
Low $1.90 
180 bu./ac 
$4.34 
180 bu./ac 
$6.67 
180 bu./ac 
Average $1.90 
191.7 bu./ac 
$4.34 
191.7 bu./ac 
$6.67 
191.7 bu./ac 
High $1.90 
207.1 bu./ac 
$4.34 
207.1 bu./ac 
$6.67 
207.1 bu./ac 
Note 1 Source: “Statistics by Commodity.” (2017). United States Department of Agriculture. National Agricultural Statistics Service. 
Available: <https://www.nass.usda.gov/Statistics_by_Subject/index.php?sector=CROPS>.  
 
 
The discount rates used in this analysis are 3, 5, 8, 10, and 12 percent. The discount rates 
are a way to take into account the changing value of money over time. The different discount 
rates were chosen to illustrate a range of possible preferences regarding the devaluation of 
money and the riskiness of future earnings. This is distinct from the depreciation of the 
equipment, which takes into account the loss of value of a capital good overtime. While we 
include a range of discount rates to compare outcomes, other studies (e.g., Almas et al., 2003) 
use a single discount rate to estimate a payback model for precision irrigation technology. 
The cost-share ratios used to calculate the discounted payback period are shown in Table 
3.5. Cost-share agreements are commonly used by government agencies and conservation 
groups to reduce the participant cost of installing a conservation practice. The producers in the 
current study had a cost-share ratio of 85/15, which means that the producers provided 15 
percent of the cost of the retrofit. A lower cost-share ratio for the RWBJV and partners would 
allow agencies to install conservation practices on more fields.  
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Table 3.4 Cost-share Assistance Levels used in Analysis 
Cost-share Ratios (RWBJV Partners/Producers) 
85/15 
80/20 
75/25 
60/40 
50/50 
 
The participants provided additional qualitative data on their experience with VRI 
technology, wetland restoration efforts, and the feasibility of the technology (i.e. soil probes, 
cropping data systems) for their operation. Detailed observations are summarized in Section F 
of the next chapter. 
CHAPTER 4: Results & Discussion 
This chapter will begin with a discussion of the results from the two retrofitted sites, 
followed by a discussion of a comparison of their yields, including projections using the matrix 
in Table 3.3 and additional hypothetical scenarios.   
In order to estimate the feasibility of investing in VRI technology with adjacent wetland 
restoration efforts, the discounted payback model, annualized rate of return, and a range of 
market and yield conditions are used. For consistency, all of the analysis is conducted on a per-
acre basis. The cost-share levels paid by the RWBJV partners and producers are based on the 
total cost of the project. As the project cost varies by the producer who obtained the retrofitted 
equipment, the necessary revenue to pay back the investment varies. The data from the control 
sites was inadequate to compare with the participants. Thus, we use pre-VRI and non-VRI data 
from the participants as control observations.  
I. Payback Based on 2017 Corn VRI Data for Producers 1 & 2 
Figures 4.1 and 4.2 show the payback period for the VRI investment for a range of 
discount rates and cost-share levels. The analysis is based on the difference between the per-
acre profit with VRI technology and without VRI technology, and incorporates all operational 
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changes due to the VRI technology and wetland restoration (e.g., grazing revenue). The analysis 
used data from corn production in 2017 from Producers 1 and 2, respectively. At the current 
cost-share level, the pay-back period for the investment is 11 and 6 years, respectively, for 
Producer 1 and Producer 2. Other cost-share levels show a payback period of 11 – 23 years for 
Producer 1, and 6 – 13 years for Producer 2. Since the useful life of a pivot irrigation system is 
approximately 15 to 20 years, this short payback period creates an economic benefit for these 
producers.   
Because Producer 1 had fields in VRI and non-VRI with the same crops, the non-VRI field 
provided an excellent control site for the VRI field. Figure 4.1 uses a price differential of $23.00 
per acre to represent the difference between the VRI and Non-VRI net income for Producer 1 
(VRI = $34.00 and Non-VRI = $11.00). This price differential is due to grazing revenue generated 
in 2017.  
Figure 4.1 Producer 1 Payback Based on 2017 Corn VRI and Non-VRI Data  
 
One way to measure the impact of VRI is to compare producer revenue before (2014 and 
2015) and after (2017) the system was installed. Under this measure, both producers showed a 
loss, primarily due to low market prices for corn in 2017. If market prices were closer to the 
average market price in Nebraska between 2000 and 2016 (i.e. $4.34 per bushel), this loss 
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would not have occurred. These issues will be examined in more detail below, after a brief 
description of how the price differential for Producer 2 was calculated. 
In contrast to Producer 1, Producer 2 does not have a non-VRI field that can be used for a 
control site. The net revenue from Producer 1’s non-VRI field is a poor control for Producer 2, 
since each producer reported different costs. However, each producer reported costs 
consistently over time. So, we compare the change in the per-acre profit for Producer 1’s non-
VRI field with the per-acre profit for Producer 2.  
This price differential was calculated by averaging the pre-VRI (2014 and 2015) net income 
per acre and comparing it to the net income per acre in 2017. The net change was compared to 
the same net change for Producer 1’s non-VRI field. The net income with VRI (in 2017) for 
Producer 2 was 27.4% of the average net incomes from 2014 and 2015; whereas, the 2017 net 
income for Producer 1 was 9.2% of 2014 and 2015 returns. Even though both producers had 
lower income in 2017 than 2014-2015, the decrease was lower for Producer 2 (VRI) than for 
Producer 1 (non-VRI). Using this method, we calculate a benefit of $33.81 per acre for Producer 
2.   
Figure 4.2 Producer 2 Payback Based on 2017 Corn VRI Data  
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II. Examining Potential Variables in Yield & Market Price 
Table 4.1 and Figure 4.3 show the difference between Producer 1’s non-VRI field and 
Producer 2’s field. With the exception of 2016, Producer 2 consistently has higher yields than 
Producer 1.1 While Producer 2’s yield is higher in 2014 and 2015 (3.65 and 10.8 percent, 
respectively), the difference is much larger in 2017 (after VRI is installed). This is consistent with 
more precise application of irrigation water and fertilizer. Producer 2 had an increase in corn 
yield between 2015 and 2017 of 5.08 percent (236 and 248 bushels per acre, respectively). This 
increase occurred despite lower precipitation in the 2017 growing season (Statistics, 2017). 
While this may be attributed to other factors than just the VRI technology, it does suggest a 
potential benefit from VRI.   
Table 4.1 Percent difference in yield between Producer 1 Non-VRI acres and Producer 2 
VRI acres over the period of 2014 to 2017  
 Year Percent Difference between L1 & L2 
Pre-VRI 2014 3.65% 
Pre-VRI 2015 10.80% 
Post-VRI 2016 -20.00% 
Post-VRI 2017 44.19% 
Note: A positive value indicates that Producer 2’s VRI field had a higher yield than Producer 1’s non-VRI field. 
 
                                                          
1 Producer 2 planted a hybrid seed that produced poorly in 2016. 
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Figure 4.3 Corn Yield Differences between Producer 1 Non-VRI Acres and Producer 2 VRI 
Acres 
 
Producer 2 reported a market price of $3.10 and 248 bushels per acre yield for corn in 
2017. With corn commodity prices at low levels compared to historical data, it suggests that it is 
reasonable to assume a higher price for the payback model. Incorporating an increase of 10 
percent in both the price and yield ($3.41/bushel and 272.8 bushels/acre, respectively) into the 
payback models shows a large change in the result.  The result shows an increase in net income 
per acre from $51.00 to $212.00. This increases the difference between VRI and non-VRI fields 
to $65.03, lowering the payback period for the investment from a range of 6 – 13 years to 4 – 7 
years. An analysis that uses average price and yield information for a 10-year period (see the 
price-yield matrix in Table 3.3) shows a similar result. Based on the average values of $4.34 per 
bushel and 191.7 bushels per acre, the net income per acre increases from $51.00 to $114.00. 
For Producer 1, the difference between the results and the average yield and price is 
even more dramatic, as the results were comparable to the low end of the corn matrix. 
Therefore, there is likely to be an increase in both price and yield on average in the coming 
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years. To understand how significant this is, the producer’s market price from 2017 is increased 
by 10%, which results in an increase from $11.00 to $345.00 net income per acre.  
Comparing the recorded corn market prices for 2017 of $3.10 and $2.99 for Producers 1 
and 2 respectively with the historical average of $4.34, it is reasonable to assume that future 
prices will more often be higher. As long as yields stay relatively close to the average of 191.7 
bushels per acre, the results suggest that VRI is a profitable investment at current cost-share 
levels for either producer.  
The importance of exogenous variables such as market price on the results 
demonstrates the difficulty in accurately predicting all of the potential effects on net income in 
a given year. Maintenance costs were another variable that significantly affect net income. 
Producer 1 reported large maintenance costs in 2017 that reduced the per-acre profit of his 
operation. While the mechanical problems were unrelated to the VRI technology, incorporating 
those costs across all production acres reduces the profit for all fields. So, while these costs 
affect the overall profitability of the farming operation, they do not affect the differential 
between the VRI and non-VRI fields. Producer 2 did not report significant maintenance costs in 
any study year.  
III. Scenario 1: Producer 1 Using Same Irrigation Energy Source for VRI Acres & 
Non-VRI Acres  
One of the expected outcomes of VRI technology is lower energy costs for pumping 
groundwater, due to more precise application of irrigation inputs. Interestingly, this benefit is 
lower than expected for Producer 1 due to multiple sources of energy, with different costs, for 
groundwater pumping. Recall that the benefit of VRI technology for Producer 1 compares his 
non-VRI field with his VRI field. In 2017, both fields have corn, but the non-VRI field uses natural 
gas and the VRI field uses electricity. In 2017, the cost of pumping an acre-inch of irrigation 
water was higher with electricity than with natural gas, thus, this reduces the estimated benefit 
of VRI. To address this, we include a scenario where all energy inputs are priced based on 
natural gas. This increases the per-acre profit differential by $24.00.  
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This highlights the value of this type of analysis in helping producers make informed 
decisions about their operations. Not only does this reasoning help to see past the limitations in 
the data, it also is a tool that can be useful for producers to analyze the fluctuations in various 
cost inputs which could affect their net income. 
IV. Scenario 2: Producer 1 Reduced Irrigation Application   
Since most producers have to pay for their water through the energy inputs needed to 
pump the water, it is important to consider whether or not VRI can lower the amount of water 
used. Reducing water use directly reduces energy input costs. While the data we collect does 
not show a change in water consumption, this is complicated by the short post-VRI period and 
the high amount of precipitation in 2017. Thus, we want to estimate how the results will 
change if VRI technology reduces irrigation water applied, relative to non-VRI.  
According to Castle (2016), surveys with Nebraska producers have suggested that 
experience with precision irrigation tended to improve the ability to fine-tune the operation to 
optimize results. Therefore, it is reasonable to expect that over time, farmers will learn to use 
prescription maps for VRI and reduce their irrigation application.   Other studies (Hedley et al., 
2010; Grisso et al., 2011) show that the reduction in water use associated with VRI technology 
varies by soil type and condition. Given the range of results with respect to reduced irrigation 
application, we use a 20% reduction in applied water as an estimate of the future potential 
savings.   
The post-VRI year (2017) had relatively high precipitation, thus, Producer 1 applied 2.25 
inches per acre. A reduction of 20% (to 1.8 inches per acre) reduces energy costs, and increases 
the price differential $23.00 to $29.00 per acre. This is illustrated in Figure 5.4 which shows that 
the payback is decreased from a range of 11-23 to 9-18 years.  
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Figure 4.4 Scenario 2 – Payback Model Based on 20% Reduction in Irrigation Application 
on VRI Acres in 2017 
 
 
V. Scenario 3: Grazing Opportunities 
In both cases, grazing infrastructure was implemented in the wetland restoration 
process. The size of the wetland restoration was 55 and 70 acres for Producer 1 and 2, 
respectively. Since Producer 2 leased 105 cropland acres, but did not lease the 70 restored 
wetland acres, his budget does not reflect the 2017 grazing income of $2,640. In this set of 
scenarios, we evaluate the VRI benefit if Producer 2 earned the grazing revenue, and we 
consider alternative ratios of wetland to cropland acreage. Since grazing revenue is based on 
the size of the wetland, a larger wetland restored increases grazing revenue, but reduces crop 
revenue due to fewer acres in crop production. The net effect of this depends on the relative 
profitability of these two sources of income. When market prices for crops are low, as they 
were in 2017, the benefits from grazing may be higher than the profit from crop production. 
Scenario 3a 
Producer 2 did not receive the income for grazing that was generated. If he had earned 
the $2,640 in 2017, the results would be as indicated in Figure 4.5, which reflects about a 30% 
decrease in the payback model. When that additional revenue is applied to the enterprise 
budget, the net income is increased from $51.00 to $76.00 per acre for Producer 2. This 
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increases the price differential from $33.81 to $58.81 per acre when compared to Producer 1’s 
non-VRI acres.  
Figure 4.5 Scenario 3a – Producer 2 Payback with Grazing Revenue  
 
This clear benefit from grazing shows that this aspect of the WREP is an integral part of 
making the investment worthwhile for participants who are able to take advantage of this 
opportunity. Apart from the value to this project, this aspect of the relationship between the 
restored wetlands and the productive lands provides a valuable tool for land-use planners that 
are looking for ways to convince producers to integrate land uses. This benefit is not just 
financial, as the environmental benefits of wetlands are significantly enhanced when controlled 
grazing is used to manage plant growth.  
D.J. Case & Associates (2014) published a study done through focus groups with farmers 
across 6 states in the Playa Lakes Region where many of the respondents felt that the returns 
from the conservation programs were not as good as they were from farming and grazing that 
land. If other conservation programs allowed grazing on the wetland areas, participating 
producers would have another way to increase returns, and may be more likely to participate in 
wetland restoration.  
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Scenario 3b 
Originally, Producer 1 earned $4,230 from grazing revenue in 2017, providing a per-acre 
benefit of $42.30 on VRI cropland acres (Table 4.3). We want to compare the net income if the 
ratio of cropland to restored wetland changes, conditional on the same per-acre profit for each 
activity. For example if the size of the wetland increases from 55 to 75 acres (with a 
corresponding decrease in crop acres from 100 to 80 acres), it generates an additional 
$1,537.50 from grazing. This increases the per-acre crop benefit of grazing from $42.30 to 
$72.09 when allocated toward 80 VRI acres. Incorporating this increases the per-acre net 
income from $34.00 to $61.00, resulting in a VRI to non-VRI price differential of $50.00. Figure 
4.6 shows that this reduces the payback period from 11 – 23 years to 5.7 – 11.2 years.  
Table 4.2 Producer 1 Alternative Grazing Opportunities with Different Ratios of VRI and 
Wetland Acres 
VRI Crop 
Acres 
Conservation 
Acres 
Grazing 
Revenue 
Per Acre Crop 
Benefit 
Per Acre Net Income 
100 55 $4,230.00 $42.30 $34.00 
80 75 $5,767.50 $72.09 $61.00 
60 95 $7,305.50 $121.76 $108.00 
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Figure 4.6 Scenario 3b – Producer 1 Alternative Grazing Opportunities with 80 VRI and 75 
Wetland Acres 
 
This scenario shows that the variability in market and climatic conditions could be 
compensated by increasing grazing infrastructure. In addition, there is less variability in leasing 
rates which do not change considerably from year-to-year relative to crop prices (Jansen, 2017). 
This is important for producers to consider when making informed decisions about adopting 
additional wetland acres. It can also help to alleviate some of the cost burden associated with 
the first few years when producers are learning how to optimize the technology and improve 
their results.  
Notably, the analysis above does not include the value of the environmental benefits 
associated with wetland restoration. The RWJBV Public Lands Workgroup finds that grazing not 
only generates income, but it also reduced standing height, increased ponding frequency, and 
helped to create structural and species diversity (Rainwater Basin, 2016).    
Perhaps more importantly for planners is the fact that this gives them another option 
for earning revenue from land without producing on it. Mitchell and Johnson (2001) discuss 
strategies for evaluating easements to get a value from the land that is comparable to 
production values. If grazing infrastructure was included in the easement, it would likely make 
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conservation more attractive to producers. As many easements make restored sites eligible for 
tax breaks, it makes the idea of increasing the size of the wetland area even more appealing. 
VI. Qualitative Data 
In addition to the budget information, we collect additional qualitative data from 
Producers 1 and 2. Specifically, each participant was asked to comment on the following two 
questions: 
1. Have you found the wetland restoration project on your property beneficial to your 
operation? 
2. Have you found VRI technology to be beneficial? 
Question 1 
Producer 1 found the wetland restoration beneficial in providing income from grazing 
on the wetland area. Producer 2, as demonstrated above, could have reaped the benefits of 
grazing. Producer 1 said the grazing helped manage the vegetative growth on the wetland area, 
and the cattle producer renting Producer 1’s grazing area found that their feed input costs 
associated with the cattle decreased for that period of time. Producer 1 also found that new 
wildlife moved into the area, which contributed to a social benefit from the land. Producer 1 
also mentioned that it seemed like they were saving on water, although the quantitative data 
does not confirm this. Producer 2 noted that there was a great benefit from being able to pass 
through the wetland area without getting the pivot stuck in the soil. 
Question 2 
Producer 1 found that the VRI technology in year 1 was more beneficial than year 2 due 
to weather conditions. With 2017 being a relatively wet year, Producer 1 did not have the 
chance to fully utilize the technology and the crop prescriptions offered by the irrigation 
experts – CropMetrics and AgSense.  
Producer 1 mentioned the technology being more beneficial in a dry year when water 
can be applied more precisely in desirable areas of the field based on the results from the 
software programs. Another comment provided by Producer 1 was the advantage of the 
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individual sprinkler heads on the VRI system to shut off in low-lying areas (i.e. wetlands, 
depressions in the landscape, etc.), which helped limit over-watering. 
One disadvantage Producer 1 found with the prescription mapping was the minimal 
amount of training offered for the software. Producer 1 said if more training was offered, it 
would have made the software more user-friendly and convenient. Consequently, Producer 1 
gained a lot of valuable knowledge about the application through a more hands-on learning 
experience.  
These points may be one producer’s opinion, but they highlight an important aspect of 
the planning methods that need to be considered when making decisions about the types of 
assistance that should be offered to participants. Evans et al., (2013) discuss many of the 
challenges with increasing VRI adoption. Among the many solutions they offer are to provide 
basic prescriptions, optimal placement of various non-mobile sensor systems, and technical 
assistance and training (Evans et al., 2013). This is also in-line with the earlier discussion 
regarding the direct relationship between experience and benefits from VRI. Perhaps a more 
collaborative planning approach would include ensuring that the producers had the training 
beforehand to optimize their success. 
This assistance could be taken even further with the addition of upfront cost-share 
assistance for prescription mapping to show producers the true potential their field actually has 
with VRI. Jake LaRue and Robert Evans (2012), discuss the concept of field variability rating 
which is the portion of a given field that is not being properly irrigated due to soil or 
topographic conditions. Knowledge of field variability prior to investing would be invaluable 
information in determining if an investment is economically feasible. Planners may consider 
taking this approach when encouraging producers to adopt. 
Another comment from Producer 1 is related to this discussion. Although training would 
have been appreciated for the new software, Producer 1 was already somewhat educated 
about soil probes, and had already installed them prior to this project. However, as the terms of 
the project required installation of specific probes, they were an additional cost that was 
viewed as unnecessary by the producer. If the preliminary assessment of the project had 
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included advanced soil mapping, it may have been determined that the additional probes were 
unnecessary. 
Producer 1 also mentioned that a person who has other career obligations may find this 
technology much more beneficial and convenient, with the ability to remotely shut off and turn 
on the pivot or see how the field is changing throughout the season via a phone or computer. 
Producer 2 believed weather conditions greatly affected the outcome of the crop. 
Producer 2 also had difficulty with a hybrid seed that did not produce desirable results in the 
first year using VRI. This contributed to a lack of quality data for VRI in the first year. However, 
the situation provided a real-world example of the unpredictability of critical variables within 
farming operations. While a year like this goes against historical trends, it is those historical 
trends that can be looked to for confidence in recovering from such difficult years.  
Despite the inconclusive nature of the data regarding water usage, Producer 2 found the 
soil probes to be of great benefit, especially with the aid of the VRI prescription mapping to 
help manage the field.  Producer 2 said the soil probes will likely contribute to higher yields in 
the future when some of the other logistical factors are sorted out. Producer 2 explained that 
there were mechanical, prescription, and mapping issues that needed to be addressed in order 
to see the full benefit from the VRI system. Again, this goes back to my discussion of 
preliminary training and mapping that would have improved this experience for Producer 2.  
There are four important takeaways from this qualitative data. One is that both 
producers agreed it was difficult to offer an informed answer about whether or not VRI was 
found to be more beneficial in the second year compared to the first year, due to market and 
weather conditions effecting the outcome of their operations. Another takeaway is that social 
benefits might outweigh some of the financial benefits for a producer that is concerned with 
conservation or that wishes to use the land for recreational purposes. Additionally, the 
convenience and less effort that’s required when using this system can create more leisure 
time. The final takeaway is that environmental and economic planning professionals may have 
a vital role in the implementation of projects similar to this. They could provide the 
methodology for ensuring that all stakeholders are collaborating in a way that is meaningful.  
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CHAPTER 5: Limitations & Recommendations 
There were many limitations to this project that had a significant effect on the VRI 
benefit assessment. The most notable being the number of participants. With only five 
participants, two of those being the retrofitted sites, and the remaining three being unaltered 
control sites; the quantity of the information collected was minimal. Then, the quality of the 
data from the control sites was invalidated by uncontrollable factors. Overall, the data from the 
retrofitted sites was useful, but involving more producers would have aided in the accuracy of 
this study.  
One factor that led to resistance among participant involvement was the type of 
information that was being collected. Financial and performance records are considered 
confidential information that most producers are reluctant to provide. This made the data 
collection portion of this project very challenging. One of the methods used to get in contact 
with producers was reaching out to Resource Conservationists at NRDs throughout the RWB. 
This was helpful in identifying potential participants that might participate, but it was limited 
because of the lack of producers answering phone calls or responding to letters in the mail. A 
high financial incentive for participants may have helped with increasing participation.  
Another limitation was obtaining the correct contact information for participants 
identified as viable candidates. Much of the contact information from the NRDs was no longer 
valid. This created a very difficult situation in trying to increase the number of participants. In 
the future, one way to increase the connection with producers would be to try different 
approaches such as contacting local cooperatives or irrigation experts who work directly with 
the producers, and to have them help set up meetings with the producers and the research 
team. Face-to-face meetings can aid tremendously in research involvement and ease the 
process in contacting producers who already have a relationship established with one of these 
groups.  
As mentioned above, gaining security clearance to gather valid contact information 
contested my ability to get in contact with some producers. Phone numbers are considered 
proprietary information that cannot always be disclosed from the NRDs in Nebraska without 
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the consent of the producers. Our experience showed that gaining proper contact information 
and face-to-face meetings would have increased participation in this research.  
Although this study shows real-world data from participants using this technology, there 
are variables that cannot easily be controlled based on the variability of the land. Specific 
biological land characteristics, such as different soil types, wetland footprint areas, and acreage, 
can make it difficult to provide valid comparisons. These variables were considered a limitation 
in this study because no two parcels of land are exactly alike. Future research studies could 
incentivize specific types of fields that are needed for comparison sites to ensure producers 
collect and record the data required for the study.  
Another aspect of this research that was difficult to account for was the behavioral 
responses that participants had to the volatile market and weather conditions. For example, it 
was extremely difficult to predict that a 
producer might decide to grow a 
different crop due to fluctuations in 
the market. The operator of one 
potential control site chose to grow a 
different crop in 2017, making a 
comparison impossible.  
 
Another limitation was the lack of precise hydrologic information. The collection of data 
regarding irrigation application, including the frequency and total amount of water applied, was 
difficult to obtain. A majority of the participants did not have detailed information regarding 
their water usage, and some participants had irrigation district water use where the producers 
paid a set amount each season. Installing a flowmeter to monitor water usage would help to 
provide accurate irrigation application rates. With more accurate information about water 
usage, it would have been possible to determine if water consumption levels were being 
affected by VRI.  
Joel J. Jones (Photographer). (1987-2018). 2016. Gift of the 
photographer.  
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Additionally, some of the participants did not have detailed information about labor, 
maintenance, and machinery costs. This posed a significant challenge that was off-set by using a 
total expense for each of these categories. More detailed information would have allowed this 
study to more readily analyze the changes in specific variables affecting the potential benefits 
of investing in VRI. 
I. Implications for Environmental & Economic Professional Planners 
Professional planners that deal with environmental and economic issues have to wear 
many hats that require them to adapt their methods to each new situation. Throughout this 
project there have been many opportunities to utilize planning that may or may not have been 
realized. I have repeatedly demonstrated how different topics relate to planning throughout 
this study. However, the one planning theory I found most useful was collaborative planning. 
Throughout this project I utilized collaborative planning by interacting with private and 
public agencies to obtain information regarding VRI data, potential participants, and security 
clearance to collect confidential information. This became more elaborate as I started to design 
and perfect the data collection form and import the information into the Crop Enterprise 
Budgets.  
Attachment C in the Appendix shows an example of the Crop Enterprise Budget used for 
this analysis. This example shows the true capability associated with these enterprise budgets 
and how they could be used to help producers make more informed decisions about their 
operation. With more specific information regarding crop input costs, the analysis portion of 
this project could have been expanded. Many producers do not keep meticulously detailed 
records for all of their crop input costs; but the usefulness of those records could help them 
increase their net farm income overtime by more closely evaluating those costs. These Crop 
Enterprise Budgets are one tool that could be used to achieve this, and environmental or 
economic planners could assist producers in this endeavor.   
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CHAPTER 6: Conclusion 
This study serves as a foundation for examining the economic impacts of VRI technology 
and wetland restoration efforts. It provides a real-world example of how this technology may 
be a feasible investment for some producers and not for others because of each producer’s 
specific situation. This study illustrates the importance of analyzing the marginal and social 
costs and benefits associated with upgrading a pivot system and restoring a wetland area to 
determine if the investment is warranted.  
This study also evaluated the different levels of cost-share assistance that were an 
integral part in other producers deciding whether or not to participate. Those scenarios that 
showed a shorter payback period for these participants could also be indicators of possible 
methodologies for future producers that may not have as much assistance. It may also be 
useful information for those trying to determine what cost-share assistance is appropriate.   
Furthermore, producers who participated in this study were able to gain valuable 
knowledge about their land and the effects a particular type of precision irrigation technology 
could have on their operation. This benefit is paramount in a world that has an increasingly high 
demand for food and an ever-changing, unpredictable climate. Although the two producers 
may disagree on the usefulness of the precision technology during the first two years of 
implementation, my analysis shows that both have reasonable expectations of more positive 
results in the future.  
Further research examining the costs and benefits associated with adopting this 
technology and implementing conservation efforts is necessary to show the realized impact this 
technology can have on net farm income. Increasing the longevity and quantity of research 
studies similar to this will be necessary to determine what specific input cost variables are being 
affected by VRI. This project provides an example for environmental and economic planners 
that want to take part in helping to narrow the gap that currently exists among agricultural 
practices and conservation efforts. 
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APPENDIX: 
Attachment A: Invitation Letter Sent to Producers 
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Attachment B: Data Collection Form 
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Attachment C: Snapshots of the Enterprise Budget used to analyze the data collected 
from participants. 
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